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Local Anesthetic Agents 

Local anesthetics (LAs) are drugs which upon topical application or local injection cause reversible 

loss of sensory perception, especially of pain, in a restricted area of the body. They block 

generation and conduction of nerve impulse at any part of the neurone with which they come in 

contact, without causing any structural damage. 

CLASSIFICATION  

✓ Injectable anaesthetic  

• Low potency, short duration  

Procaine  

Chloroprocaine 

• Intermediate potency and duration  

Lidocaine (Lignocaine)  

Prilocaine 

• High potency, long duration  

Tetracaine (Amethocaine)  

Bupivacaine  

Ropivacaine  

Dibucaine (Cinchocaine)  

✓ Surface anaesthetic  

Soluble                                     Insoluble  

Cocaine                                    Benzocaine  

Lidocaine                                 Butylaminobenzoate  

Tetracaine                                (Butamben)  

Benoxinate                               Oxethazaine 

MECHANISM OF ACTION 

The LAs block nerve conduction by decreasing the entry of Na+ ions during upstroke of action 

potential (AP). As the concentration of the LA is increased, the rate of rise of AP and maximum 

depolarization decreases (fig. 1) causing slowing of conduction. Finally, local depolarization fails 

to reach the threshold potential and conduction block ensues. The LAs interact with a receptor 

situated within the voltage sensitive Na+ channel and raise the threshold of channel opening: Na+ 

permeability fails to increase in response to an impulse or stimulus. Impulse conduction is 

interrupted when the Na+ channels over a critical length of the fibre (2–3 nodes of Ranvier in case 

of myelinated fibres) are blocked. At physiological pH, the LA molecule is partly ionized. The 

equilibrium between the unionized base form (B) and the ionized cationic form (BH+) depends on 

the pKa of the LA. Potency of a LA generally corresponds to the lipid solubility of its base form 

(B), because it is this form which penetrates the axon. However, the predominant active species is 



the cationic form of the LA which is able to approach its receptor only when the channel is open 

at the inner face, and it binds more avidly to the activated and inactivated states of the channel, 

than to the resting state. Binding of the LA prolongs the inactivated state. The channel takes longer 

to recover → refractory period of the fibre is increased. A resting nerve is rather resistant to 

blockade. Blockade develops rapidly when the nerve is stimulated repeatedly. The degree of 

blockade is frequency dependent: greater blockade occurs at higher frequency of stimulation. 

Moreover, exposure to higher concentration of Ca2+ reduces inactivation of Na+ channels and 

lessens the degree of block. Blockade of conduction by LA is not due to hyperpolarization; in fact, 

resting membrane potential is unaltered because K+ channels are blocked only at higher 

concentrations of LA. The onset time of blockade is related primarily to the pKa of the LA. Those 

with lower pKa (7.6–7.8), e.g. lidocaine, mepivacaine are fast acting, because 30–40% LA is in 

the undissociated base form at pH 7.4 and it is this form which penetrates the axon. Procaine, 

tetracaine, bupivacaine have higher pKa (8.1–8.9), only 15% or less is unionized at pH 7.4; these 

are slow acting. Chloroprocaine is an exception, having rapid onset despite high pKa (9.1). 

LOCAL ACTIONS  

• All LAs have effects on nerves acting via Na+ channel – block sensory endings, nerve 

trunks, NM junctions, ganglion and receptors and reduce release of Ach from motor nerve 

endings. 

• Injected near Mixed nerve – anaesthesia of skin and paralysis of voluntary muscles  

• Sensory and Motor fibres are equally sensitive – depends on diameter and types of fibres 

(gr. C & gr A etc.) 

▪ Smaller fibers are more sensitive than larger ones  

▪ Frequency dependence 

▪ Myelinated nerves are blocked earlier than non-myelinated ones  

• Autonomic fibres are more susceptible than somatic ones. 

SYSTEMIC ACTIONS  

Any LA injected or applied locally is ultimately absorbed and can produce systemic effects 

depending on the concentration attained in the plasma and tissues. 

1. C.N.S.  

All LAs are capable of producing a sequence of stimulation followed by depression. 

Cocaine is a powerful CNS stimulant causing in sequence euphoria—excitement—mental 

confusion— restlessness—tremor and twitching of muscles— convulsions—

unconsciousness—respiratory depression—death, in a dose-dependent manner. Procaine 

and other synthetic LAs are much less potent in this regard. At safe clinical doses, they 

produce little apparent CNS effects. Higher dose or accidental I.V. injection produces CNS 

stimulation followed by depression. The basic action of all LAs is neuronal inhibition; the 

apparent stimulation seen initially is due to inhibition of inhibitory neurones. At high doses, 

all neurones are inhibited and flattening of waves in the EEG is seen. 

 

 



2. C.V.S.  

Heart LAs are cardiac depressants, but no significant effects are observed at conventional 

doses. At high doses (2–3 times the doses producing CNS effects) or on inadvertent I.V. 

injection, they decrease automaticity, excitability, contractility, conductivity and prolong 

effective refractory period (ERP). They have a quinidine like antiarrhythmic action. 

Electrophysiological properties of heart may be markedly altered at high plasma 

concentrations of LAs : QTc interval is prolonged and LAs can themselves induce cardiac 

arrhythmias. Lidocaine has little effect on contractility and conductivity; it abbreviates 

ERP and has minimal proarrhythmic potential. It is used as an antiarrhythmic.  

3. Blood vessels  

LAs tend to produce fall in BP. This is primarily due to sympathetic blockade, but high 

concentrations, as obtained locally at the site of injection, do cause direct relaxation of 

arteriolar smooth muscle. Toxic doses of LAs produce cardiovascular collapse. Cocaine 

has sympathomimetic property; increases sympathetic tone, causes local vasoconstriction, 

marked rise in BP and tachycardia. Procaine and related drugs have weak anticholinergic, 

antihistaminic, ganglion blocking, neuromuscular blocking and smooth muscle relaxant 

properties, but these are clinically insignificant. 

PHARMACOKINETICS 

Because LAs act near their site of administration, pharmacokinetic characteristics are not 

important determinants of their efficacy, but markedly influence their systemic effects and toxicity. 

Soluble surface anaesthetics (lidocaine, tetracaine) are rapidly absorbed from mucous membranes 

and abraded areas, but absorption from intact skin is minimal. Procaine does not significantly 

penetrate mucous membranes. Rate of absorption depends on the blood flow to the area of 

application or injection. The absorbed LA being lipophilic is widely distributed; rapidly enters 

highly perfused brain, heart, liver, and kidney, followed by muscle and other viscera. Procaine is 

negligibly bound to plasma proteins, but amide LAs are bound to plasma α1 acid glycoprotein. 

LAs are rapidly but temporarily bound to tissues, especially nerves, at the site of injection. Ester-

linked LAs (procaine, etc.) are rapidly hydrolysed by plasma pseudocholinesterase and the 

remaining by esterases in the liver. Amide-linked LAs (lidocaine, etc.) are degraded only in the 

liver microsomes by dealkylation and hydrolysis. Metabolism of lidocaine is hepatic blood-flow 

dependent. The maximal safe dose of LAs is lower in patients with hepatic disease and in the 

elderly, who have decreased liver function. After oral ingestion both procaine and lidocaine have 

high first pass metabolism in the liver. Thus, they are not active orally for antiarrhythmic purposes. 

INDIVIDUAL COMPOUNDS  

✓ Cocaine: It is a natural alkaloid from leaves of Erythroxylon coca, a south American plant 

growing on the foothills of the Andes. Cocaine is a good surface anaesthetic and is rapidly 

absorbed from buccal mucous membrane. It was first used for ocular anaesthesia in 1884. 

Cocaine should never be injected; it is a protoplasmic poison and causes tissue necrosis. 

Cocaine produces prominent CNS stimulation with marked effect on mood and behaviour. 

It induces a sense of wellbeing, delays fatigue and increases power of endurance. Cocaine 

also stimulates vagal centre→bradycardia; vasomotor centre→rise in BP; vomiting 



centre→nausea and vomiting; temperature regulating centre→pyrexia (also due to 

increased heat production as a result of enhanced muscular activity). In the periphery, it 

blocks uptake of NA and Adr into adrenergic nerve endings, resulting in higher 

concentration of the transmitter around the receptors→ sympathomimetic effect, 

potentiation of directly acting sympathomimetics and suppression of indirectly acting 

sympathomimetics. Local vasoconstriction, tachycardia, rise in BP and mydriasis are the 

manifestations of its sympathomimetic action. 

✓ Procaine: It is the first synthetic local anaesthetic introduced in 1905. It is not a surface 

anaesthetic. Procaine forms poorly soluble salt with benzyl penicillin; procaine penicillin 

injected i.m. acts for 24 hours due to slow absorption from the site of injection.  

✓ Lidocaine (Lignocaine): Introduced in 1948, it is currently the most widely used LA. It is 

a versatile LA, good both for surface application as well as injection and is available in a 

variety of forms. Injected around a nerve it blocks conduction within 3 min, whereas 

procaine may take 15 min; also, anaesthesia is more intense and longer lasting. 

Vasodilatation occurs in the injected area. It is used for surface application, infiltration, 

nerve block, epidural, spinal and intravenous regional block anaesthesia. In contrast to 

other LAs, early central effects of lidocaine are depressant, i.e. drowsiness, mental 

clouding, dysphoria, altered taste and tinnitus. Overdose causes muscle twitching, 

convulsions, cardiac arrhythmias, fall in BP, coma and respiratory arrest like other LAs. 

Lidocaine is a popular antiarrhythmic (see Ch. 38) XYLOCAINE, GESICAIN 4% topical 

solution, 2% jelly, 2% viscous, 5% ointment, 1% and 2% injection (with or without 

adrenaline), 5% heavy (for spinal anaesthesia); 100 mg/ml spray (10 mg per actuation). A 

transdermal patch of lidocaine has been produced for application over the affected skin for 

relief of burning pain due to postherpetic neuralgia.  

✓ Prilocaine: It is similar to lidocaine but does not cause vasodilatation at the site of 

infiltration and has lower CNS toxicity due to larger volume of distribution. One of its 

metabolites has potential to cause methaemoglobinaemia. It has been used mainly for 

infiltration, nerve block and intravenous regional anaesthesia.  

✓ Eutectic lidocaine/prilocaine: This is a unique preparation which can anaesthetise intact 

skin after surface application. Eutectic mixture refers to lowering of melting point of two 

solids when they are mixed. This happens when lidocaine and prilocaine are mixed in equal 

proportion at 25°C. The resulting oil is emulsified into water to form a cream that is applied 

under occlusive dressing for 1 hr before i.v. cannulation, split skin graft harvesting and 

other superficial procedures. Anaesthesia up to a depth of 5 mm lasts for 1–2 hr after 

removal. It has been used as an alternative to lidocaine infiltration. PRILOX 5% cream. 

✓ Tetracaine (Amethocaine): A highly lipid soluble PABA ester, more potent and more 

toxic due to slow hydrolysis by plasma pseudocholinesterase. It is both surface and 

conduction block anaesthetic, but its use is restricted to topical application to the eye, nose, 

throat, tracheobronchial tree and rarely for spinal or caudal anaesthesia of long duration. 

Though it is slow acting, absorption from tracheobronchial spray is very fast and blood 

concentrations approach those attained after i.v. injection. ANETHANE powder for 

solution, 1% ointment.  



✓ Bupivacaine: A potent and long-acting amide linked LA: used for infiltration, nerve block, 

epidural and spinal anaesthesia of long duration. As a result, it has become very popular in 

obstetrics (mother can actively cooperate in vaginal delivery) and for postoperative pain 

relief by continuous epidural infusion. It has high lipid solubility; distributes more in 

tissues than in blood after spinal/epidural injection. Therefore, it is less likely to reach the 

foetus (when used during labour) to produce neonatal depression.  

✓ Ropivacaine: A newer bupivacaine congener, equally long acting but less cardiotoxic. It 

blocks Aδ and C fibres (involved in pain transmission) more completely than Aβ fibres 

which control motor function. Continuous epidural ropivacaine is being used for relief of 

postoperative and labour pain. It can also be employed for nerve blocks. Recently, it has 

been approved for use in India.  

✓ Dibucaine (Cinchocaine): It is the most potent, most toxic and longest acting LA. It is 

used as a surface anaesthetic on less delicate mucous membranes (anal canal). Use for 

spinal anaesthesia of long duration has declined after the availability of bupivacaine. 

NUPERCAINE 0.5% inj., NUPERCAINAL 1% ointment, in OTOGESIC 1% ear drops. 

✓ Benoxinate: It is a good surface anaesthetic for the eye; has little irritancy. A 0.4% solution 

rapidly produces corneal anaesthesia sufficient for tonometry without causing mydriasis or 

corneal damage. BENDZON 0.4% eyedrops.  

✓ Benzocaine and Butylaminobenzoate (Butamben): Because of very low aqueous 

solubility, these LAs are not significantly absorbed from mucous membranes or abraded 

skin. They produce long-lasting anaesthesia without systemic toxicity. They are used as 

lozenges for stomatitis, sore throat; as dusting powder/ointment on wounds/ulcerated 

surfaces and as suppository for anorectal lesions. Both are PABA derivative—can 

antagonize sulfonamides locally. PROCTOSEDYL-M: Butylaminobenzoate 1% oint with 

framycetin and hydrocortisone acetate: for piles. PROCTOQUINOL 5% ointment of 

benzocaine. ZOKEN 20% gel.  

✓ Oxethazaine: A potent topical anaesthetic, unique in ionizing to a very small extent even 

at low pH values. It is, therefore, effective in anaesthetising gastric mucosa despite acidity 

of the medium. Swallowed along with antacids it affords symptomatic relief in gastritis, 

drug induced gastric irritation, gastroesophageal reflux and heartburn of pregnancy. Doses 

exceeding 100 mg/day may produce dizziness and drowsiness.  

USES AND TECHNIQUES OF LOCAL ANAESTHESIA 

1. Surface anaesthesia: 

– Mucous membranes and abraded skin  

– Nose, mouth, bronchial tree, cornea and urinary tracts 

• Lidocaine, tetracaine  

2. Infiltration anaesthesia:  

– Direct injection into tissues to reach nerve branches and terminals 

– Used in minor surgery = incisions, hydrocele, herniorrhaphy etc.  

3. Field block:  

– Injection of LA subcutaneously  

– Aim is to anaesthetize the region distal to the site of injection 



 – Examples: forearm, anterior abdominal wall, scalp and lower extremity.  

4. Nerve Block: 

- LA is injected around the nerve trunks or plexuses  

- Area of anaesthesia is large in comparison to the amount of drug used  

- Lasts longer than the field or infiltration methods  

- Flooding technique for plexus block  

- Examples: Trigeminal nerve blocks (face) , Ophthalmic nerve block (eyelids and scalp), 

Supraorbital nerve block (forehead)  

5. Spinal anaesthesia:  

• Site of injection – Subarachnoid space between L 2-3 or L 3-4  

• Site of action – nerve root in the cauda equina 

• Level of anaesthesia – vol. & speed of injection; baricity of drug soln. with CSF and 

posture of patient  

• Order of anaesthesia – sympathetic > motor  

• Uses – lower limbs, pelvis, lower abdomen, prostatectomy fracture setting and obstetric 

procedures  

• Problems - Spinal headache, hypotension, bradycardia and respiratory depression, cauda 

equina syndrome and nausea-vomiting  

• Drugs - Lidocaine, tetracaine 

6. Epidural and Caudal Anaesthesia:  

– Site of injection – sacral hiatus (caudal) or lumber, thoracic or cervical region  

– Catheters are used for continuous infusion  

– Unwanted effects similar to that of spinal except less likely because longitudinal spread 

is reduced  

• Drugs - Lidocaine, bupivacaine, ropivacaine  

7. Regional anaesthesia (Intravenous) 

- Injection of LA in a vein of a torniquet occluded limb  

- Mostly limited to upper limb  

- Orthopaedic procedures 


